Seasonal decline in breeding performance is a commonly observed pattern in birds, but disentangling the contributions of environmental conditions ("timing" hypothesis) and individual quality ("quality" hypothesis) to such a pattern is challenging. Moreover, despite the strong selection for early breeding, the individual optimization model predicts that each individual has an optimal breeding window. We investigated the causes and consequences of laying decisions in the lesser kestrel (Falco naumanni) by combining a long-term dataset on reproductive traits with information on food availability. A marked seasonal decline was found in breeding success, mostly mediated by a decline in clutch size. The "timing" hypothesis, supported by the decline in consumption of mole crickets, key prey for prelaying females, seems to explain the seasonal trend in clutch size, as this pattern was recorded in both higher (adults) and lower (yearlings) quality individuals. Contrarily, the higher proportion of yearlings breeding late in the season, rather than a decay in food availability during chick rearing, seems to drive the decline in fledging success, giving support to the "quality" hypothesis. Advanced breeding and increased clutch size, as proxies of reproductive effort, were not offset by lower survival. Low repeatability in both these traits suggests that individual quality is a dynamic attribute and reproduction costs are minimized by individual optimization. Understanding the mechanisms driving individual breeding decisions is critical to anticipate species' ability to cope with environmental changes. Here, we show that lesser kestrels failing the prelaying food window opportunity compromise reproductive performance, mostly regardless of their individual quality.
INTRODUCTION
Understanding individual variations in the timing of birds' breeding seasons as well as their fitness consequences has long been a challenge for ecologists (Lack 1968; Perrins 1970; Drent and Daan 1980; Rowe et al. 1994; Verhulst and Nilsson 2008) . At a broad scale, and in seasonal environments, birds choose to breed in a time window that will match maximum food availability for their offspring during the chick-rearing period (Lack 1968) . Nonetheless, interannual individual variations in laying date within this window often results in distinct rates of reproductive success, with seasonal declines in different breeding performance indicators being the most commonly observed pattern (Verhulst et al. 1995; De Forest and Gaston 1996; Arnold et al. 2004) . Overall, individuals that reproduce early in the breeding season produce larger clutches and raise more fledglings with higher survival and recruitment rates (Newton and Marquiss 1984; Aparicio 1998; Öberg et al. 2014) . Two main, not mutually exclusive, hypotheses have been proposed to explain the seasonal decline in reproductive success. According to the 'timing' hypothesis, the progressive deterioration in habitat quality or food availability determines the seasonal decline in breeding performance, and all individuals are affected by time in the same way (Williams 2012) . The "quality" hypothesis proposes that parental competence is the main driver of seasonal declines in reproductive success, with higher-quality individuals breeding early in the season and showing higher overall fitness than lowerquality ones (Williams 2012) . Higher individual quality can be displayed as better body condition or higher behavioral competence, for instance in getting the most-valuable territories or showing higher foraging efficiency (Newton and Marquiss 1984; Zabala and Zuberogoitia 2014) . Individual quality can also be determined by age as older, more-experienced individuals, are often of superior quality than younger ones (Forslund and Pärt 1995) . This fact illustrates the complexity in unravelling the effects of "quality" and "timing" to explain seasonal declines in reproductive success.
Regardless of the hypotheses involved, "timing" or "quality", the generally accepted assumption of a strong selection for early breeding raises an additional question: why do some individuals fail to breed within the optimum time window? Individual decisions determining the timing of breeding might be primarily related to costs and constraints of reproduction (Drent and Daan 1980) . Timing of breeding is strongly associated with clutch size, one of the most important life-history traits driving reproductive performance in birds, as clutch size in itself sets a limit to the number of offspring per breeding attempt. The general seasonal decline in reproductive performance denotes a seasonal decline in the reproductive value of an egg. Thus, the decision of when to start and stop laying, which determines, respectively, laying date and clutch size, results from the trade-off between advantages of early versus late breeding, that is, between improving offspring value and improving female body condition to lay a larger clutch (Drent and Daan 1980) . This compromise has large interindividual variation and, consequently, optimal laying date and clutch size differ among individuals of the same population. According to the individual optimization model (Drent and Daan 1980; Rowe et al. 1994) , individuals must adjust their reproductive decisions to their condition and to the rate of condition gain. Indeed, although postponing egg laying can result in lower reproductive success for a particular female in comparison with earlier breeders, advancing laying would move her away from her optimal laying date, reducing her own fitness (Williams 2012) . Through manipulations to increase parental effort, either by advancing hatching date or enlarging brood size, several studies have shown a decrease in the survival of females (Dijkstra et al. 1990; Brinkhof et al. 2002) , with inherent declines in their lifetime fitness. Nonetheless, several studies have proved that individual quality can mask reproductive costs, suggesting that individuals investing more in reproduction are also high-quality individuals, being thus able to mitigate adverse effects of reproductive costs (Lescroёl et al. 2009; Mitchell et al. 2012) . For migratory birds, carry-over effects of increased reproductive effort can be particularly relevant as these birds are often time and energyconstrained (Low et al. 2015) . Delaying breeding, for instance, can have a "domino effect" through subsequent life-cycle stages (moult, migration) potentially hampering over-wintering survival or an optimum breeding schedule in future years (Mitchell et al. 2012; Low et al. 2015) .
Disentangling the contributions of time and individual quality in explaining variation in reproductive success and, simultaneously, understanding the mechanisms involved in individual breeding decisions is critical to anticipate the potential effects of environmental changes, namely climate change, in population dynamics (Reed et al. 2013) . Although most studies have tackled these issues through experimental manipulations involving surplus feeding of parents or offspring and cross-fostering of clutches or broods (reviewed in Verhulst and Nilsson 2008) , fewer have provided a detailed analysis of the effects of breeding time on different reproductive components (Öberg et al. 2014 ) and even fewer have performed this analysis while simultaneously taking into account data of food availability (see Reed et al. 2013 for a proximate analysis).
Here, we use the dataset from a long-term study (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) to investigate the causes and consequences of laying decisions in a small migratory raptor, the lesser kestrel (Falco naumanni). We aim to describe the impact of breeding time on key reproductive parameters (clutch size, productivity, fledging success, fledging body mass, recruitment probability) and break down the contributions of these parameters in explaining overall reproductive output variation. To investigate empirical support for the "quality" hypothesis in explaining the potential association between breeding time and success, we examined seasonal trends in breeding performance in adult and yearling (second-year calendar) birds, using bird age as a proxy of individual quality. In addition, we measured individual repeatability in laying date and clutch size to assess whether these are fixed or dynamic traits in lesser kestrels, providing support to the "quality" hypothesis or further supporting the individual optimization model, respectively. In order to assess if reproductive success of lesser kestrels is dictated by a seasonal deterioration of environmental conditions ("timing" hypothesis) and whether food availability constraints reproductive decisions, we investigated trends in prey abundance and consumption by lesser kestrels throughout the breeding season. Finally, to assess the fitness costs of reproductive decisions we used interindividual variation in clutch size and laying date to investigate whether higher reproductive effort (larger clutch size and advanced laying date) could be associated with any apparent decrease in individual survival.
MATERIAL AND METHODS

Study species and area
The lesser kestrel is a migratory falcon distributed across the Palaearctic region, whose breeding range extends from the Mediterranean to China, and whose wintering grounds are spread in sub-Saharan Africa (Del Hoyo et al. 2001) . The lesser kestrel has been the target species of a monitoring program conducted in the Castro Verde Special Protection Area (37° 41′N, 8° 05′W), southern Portugal, during the last 2 decades (Catry et al. 2009 ). This area houses ca. 80% (>400 pairs) of the national breeding population (Catry et al. 2009 ). Lesser kestrels arrive from their wintering ground from early February and onwards (Catry et al. 2011 ) and breed colonially, occupying cavities in abandoned rural buildings or artificial nesting structures. Before and during laying, males feed their mates, which seems to have a relevant functional role in determining laying date and clutch size (Donázar et al. 1992; Catry et al. 2016a) . Lesser kestrels are single-brooded and lay 3-6 eggs in April and May. Incubation is shared between mates and lasts 28 days, and nestlings fledge at an age of 35-37 days (Del Hoyo et al. 2001) . Lesser kestrels typically start breeding when 2 years old although approximately 10-15% of breeding pairs are composed of at least one yearling (Hiraldo et al. 1996; personal communication) . The species is characterized by low-mate fidelity (Serrano et al. 2001; personal communication) .
Data collection
Nest monitoring and breeding parameters During 12 years (2003-2015, excluding 2010) , lesser kestrel colonies were surveyed on a weekly basis throughout the breeding season (April-July) to ensure an effective calculation of breeding parameters. Each year, 179-378 breeding pairs were monitored, distributed on 9-25 colonies. Laying date (the date the first egg was laid) was calculated from incomplete clutches at the first nest visit assuming that eggs are laid every 2 days (personal observation), or counting backwards from hatching date, assuming an incubation period of 28 days (Del Hoyo et al. 2001) for clutches found completed during the first visit. For each breeding attempt, we also recorded clutch size (number of eggs laid), productivity (number of chicks fledged), and fledging success (number of chicks fledged in nests where at least 1 egg hatched). Lesser kestrels may lay a second clutch when the first one is lost but those were removed from our analyses to avoid confounding effects among breeding time decisions, reproductive fitness and costs of relaying. Given that second clutches are not always easy to distinguish from first ones, all 2-egg clutches (typically second clutches; ca. 5% of all clutches) were excluded from our analyses.
As a result of a long-term ringing program started in 1994, more than 7500 chicks and 650 adult lesser kestrels have been individually marked in the study area. Individuals were weighed (to the nearest 0.1 g) and wing length was measured (wing chord measured to the nearest 0.1 mm) at ringing and recapture events. During nest monitoring, whenever ringed adult birds were captured (incubating or brooding), their identity was recorded.
Prey consumption and availability
To examine seasonal variation in food consumption, we collected and analyzed lesser kestrel pellets in several colonies in 5 different years (2007-2008 and 2012-2014) . Pellets were collected weekly in 12 colonies from 6 March to 18 April 2007 and from 27 March to 29 April 2008 and also weekly from March to June in a single colony in both 2007 . In 2012 were collected approximately every 2 weeks between April and June in 3-4 colonies. Twenty pellets per colony and collection event were analyzed and the numbers of mole crickets (Gryllotalpa spp., Gryllotalpidae) and, for 2012-2014, the number of grasshoppers (Acrididae and Tetigonidae), per pellet were assessed by counting the number of mandibles or other nondigestible pieces with the help of a magnifying glass. Previous studies in the area have shown that mole crickets are very important prey for adult lesser kestrels during the courtship and egg laying as are grasshoppers for chicks (Catry et al. 2011 (Catry et al. , 2016a .
To evaluate the correlation between abundance of grasshoppers in the field and its occurrence in lesser kestrel pellets, as well as to assess dates of highest prey abundance for nestlings, we performed walked transects in fallow grassland patches (n = 6) around colonies every 15 days to coincide with pellet collection. At each patch, we performed 10 random transects of 25 m each, recording the number of grasshoppers observed in a band of 0.5 m at each side of the transect. Grasshopper abundance was not assessed in cereal fields as vegetation height decreases prey detection precluding an accurate use of transects methodology. By sampling the whole grasshopper community, we necessarily included species that are not consumed by lesser kestrels, which is especially true for small grasshoppers. However, results from our transects suggest that small, medium, and large grasshoppers show similar temporal variations in their abundances. Preliminary data on the grasshopper community composition, relative abundance and phenology in the study area (L. Reino, personal communication) revealed similar proportions of potentially consumed versus nonconsumed grasshoppers by lesser kestrels throughout the season, supporting that food availability for lesser kestrels can be accurately assessed by sampling the whole grasshopper community. Abundance of mole crickets was not assessed but previous work in the area showed that consumption rates of mole crickets across the season reflect their availability in the field (Catry et al. 2011 ).
Data analysis
Seasonal trends in reproductive performance
To analyze the effect of laying date on reproductive performance (clutch size, productivity, and fledging success) of lesser kestrels, we used generalized linear mixed models (GLMM) with a Poisson error distribution and a log-link function, including a random year effect in each model. For all models, laying date was standardized, expressing the deviation of each clutch from the population mean laying date in each year. Clutch size was fitted as a fixed effect in the models where productivity and fledging success were response variables. All models were run with function lmer in the lme4 package (Bates et al. 2015) of R software (R Core Team 2015) . For each analysis, we used multimodel inference and model averaging based on Burnham and Anderson (2002) , with the package MuMIn (Bartón 2015) which uses Akaike information criterion (AIC). Sample size-corrected AIC (AICc), Akaike weight (ωi, the contribution of each model to the average of all candidate models), and the relative importance of each predictor variable (∑ωi across all the models in the set where the variable occurs) were computed. Multimodel inference and model averaging were justified by the uncertainty in model choice given the number of candidate models with ∆AICc < 2. Model-averaged estimates were obtained by computing means and 95% confidence intervals (95% CI) using the weighted average of the corresponding coefficient in all of the candidate models. Where the 95% CI for an effect size did not span zero, this effect could be considered statistically significant at the 5% level (Burnham and Anderson 2002) . Overdispersion was not recorded in any of our models.
We also used GLMM to investigate whether there was a seasonal trend in offspring fitness and survival, that is, if late-hatched chicks showed lower body condition at fledging and lower probability of recruitment in the population. Chick body mass at fledging was estimated from the residuals of a locally weighed smoothing (LOESS) of wing length on body mass on chicks with age between 18 and 33 days (wing length range = 100-195 mm). Offspring probability of recruitment was defined as the probability of a ringed chick being found breeding in the study area during the study period, as estimated from ringing re-sightings. For this analysis, we excluded chicks ringed after 2012, to guarantee at least 3 years of potential recapture time after ringing. Chick body mass and recruitment probability were included as response variables in 2 GLMM, using the standardized laying date as fixed factor and clutch identity as random factor. Gaussian and binomial error distributions (with identity-and logit-link functions) were used, respectively, in the 2 models.
Parental quality effects
We used a subset of the data including birds of known age to assess the effect of parent age, as a proxy of individual quality, on laying decisions (laying date and clutch size) of lesser kestrels. As only yearlings were found to be consistently different from the other age classes in both parameters (see Results), we used only 2 age classes (yearlings vs. adults) in further analyses. Thus, in order to investigate the effect of age in potential seasonal trends of reproductive performance, we repeated the previously described analysis (see "Seasonal trends in reproductive performance") with this new dataset and including parent age as a fixed factor in GLMMS. For the majority of birds, mate identity is unknown. Thus, throughout the text, when we mention breeding parameters of yearlings we are alluding to pairs with at least one yearling.
A linear regression was used to investigate the relationship between laying date and female body mass at laying. Female body mass, corrected for wing size, was estimated for individuals captured in the 5 days before and after laying (typically the period with peaking body mass; Newton and Marquiss 1984; Dijkstra et al. 1988 ) throughout the breeding season.
We estimated interannual repeatability in laying date and clutch size of adult male and female lesser kestrels to understand if those are fixed traits determining individual quality. Repeatability estimates were based on variance components derived from a Oneway analysis of variance (ANOVA) for laying date and from a GLMM (with poisson distribution of errors and logit link function) for clutch size, using the general formula R = ( ) σ σ σ α α ε + , where σ α is the between-individual variance and σ ε is the withinindividual variance (see Nakagawa and Schielzeth 2010 for further details). Repeatability is the intraclass correlation coefficient, that is, the proportion of variation that can be attributed to between-group differences, which in our case study, are individuals. Repeatability varies between 0 (no consistency) and 1 (perfect consistency). Repeatability values and 95% CI were estimated with the rtpR package for R software (Nakagawa and Schielzeth 2010) . Laying date dataset included 68 and 145 events performed by 31 males and 62 females; clutch size dataset included 79 and 145 events performed by 38 and 64 males and females, respectively.
Fitness consequences of reproductive decisions
We used 13 years (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) of re-sighting data of lesser kestrels to test for potential fitness costs of reproduction (i.e., reduced survival) in relation to clutch size and laying date, 2 good proxies of reproductive effort as early breeders produce larger clutches and more fledglings (see results). Apparent survival and recapture probabilities were estimated using the Cormack-Jolly-Seber (CJS) model implemented in Program MARK (White and Burnham 1999) . A goodness-of-fit (GOF) test was performed in Program RELEASE (Burnham et al. 1987) to check whether the full-timedependent CJS model (ϕ t t p , where ϕ represents survival probability, P represents re-sighting probability and subscript t represents the year effect) fitted our data. These tests indicated a good fit between kestrel data and the CJS models (ĉ < 1.07 for all models tested), indicating no overdispersion. Because it is impossible to handle covariates separately year by year for each observed individual in MARK, we tested for a clutch size and laying date effect considering (for each individual) the first year where clutch size and laying date were available as the capture event and testing the effect of the covariate on survival only for the year following "capture". Therefore, to test for a relationship between clutch size/ laying date in year t and survival between years t and t + 1, we considered 2 groups (ϕ ϕ t t t p 1 2 i.e., survival for the year following the capture when clutch size or laying date was known and subsequent years). Our dataset for survival analyses includes 220 females and 212 males with known clutch size and 313 females and 212 males with known laying date. To minimize the number of models in the set, we determined the best structure for recapture probabilities in the first place (Supplementary Appendix Table A1 ). Once we had Table 1 Top-competing models (GLMM) of predictors affecting reproductive parameters (clutch size, productivity, and fledging success) of lesser kestrels in the whole study population and in a subset of birds of known age (adults vs. yearlings) Year is included in each model as random effect. Additive and interaction effects are represented by + and × symbols, respectively. Models are ranked according to the Akaike information criterion, corrected for small sample sizes (AICc). The ∆AICc indicates AICc differences between a particular model and the bestfitting model. Akaike weights (ωi), which indicate the contribution of each model to the average of all candidate models, and the number of parameters (k) are also presented.
Model
determined an appropriate structure for P, we constructed models to investigate annual apparent survival as a function of clutch size and laying date. The most parsimonious model was selected, using the AICc (Burnham and Anderson 2002) and the analysis of variance test (ANODEV) performed in MARK, for selecting pertinent individual covariates (Lescroël et al. 2009 ).
RESULTS
Seasonal trends in reproductive performance
Our results show an overall decline in reproductive output as the season progressed. Later breeders laid fewer eggs, had lower productivity and fledged less chicks than early ones, regardless of clutch size (Tables 1 and 2 ; Figure 1 ). Offspring fitness also showed a seasonal decline. Residual body mass of chicks at fledging decreased with the progress of the season (slope = −0.234 ± 0.044 SE, t = −5.348, P < 0.001, n = 4251 chicks from 1509 clutches; Supplementary Appendix Figure A1 ) as did recruitment probability (slope = −0.034 ± 0.007, z = −4.67, P < 0.001, n = 6151; Supplementary Appendix Figure A2 ), with chicks of late broods recruiting less than early ones.
Parental quality effects
Laying date was significantly delayed in yearlings in comparison with any other age class, among both females and males (One-way ANOVA, F 6,343 = 13.49, P < 0.001 and F 6,209 = 10.88, P < 0.001, respectively, followed by post hoc Tukey tests; Figure 2 ). In addition, male yearlings had significantly delayed laying dates in comparison with females of the same age (Student's t-test, t = −3667, df = 86.58, P < 0.001). Clutch size of yearlings was also significantly smaller than that of adults (except for age classes 6 and ≥7 in females and 5 and ≥7 in males; Kruskal-Wallis test, χ 2 = 36.074, df = 6, P < 0.001 and χ 2 = 30.833, df = 6, P < 0.001, followed by post hoc comparisons, respectively, in females and males; Figure 2) .
A seasonal decline in clutch size was recorded for both adult and yearling lesser kestrels (Tables 1 and 2; Figure 1) . However, the seasonal decline in productivity and fledging success observed for both the whole population dataset (see above) and the subset of knownaged birds (slope = −0.011 ± 0.003 SE on a logit scale, z = −3.412, P < 0.001, n = 714 for productivity and slope = −0.007 ± 0.003 SE on a logit scale, z = −2.232, P < 0.01, n = 658 for fledging success) lost significance when the age of the bird (yearling vs. adult) was Table 2 Parameter estimates and 95% confidence intervals for the predictors affecting reproductive parameters (clutch size, productivity, and fledging success) of lesser kestrels in the whole study population and in a subset of birds of known age (adults vs. yearlings) Except for the first modeling approach (clutch size for the whole dataset), all estimates are model-averaged. Clutch size is a categorical variable with 4 levels, so we provide the range for this parameter estimates (intercept is relative to clutch size = 3). ∑ωi for each predictor variable shows the sums of Akaike weights for all possible models in which the predictor variable was included and reflects the relative importance of each variable. Factors are considered to have a significant influence on effect size where 95% CI for estimated coefficients do not span zero; these cases are indicated in bold. Interaction effects are represented by ×.
included in the models (Tables 1 and 2 ; Figure 1 ). Overall, yearlings had significantly lower productivity and fledged significantly less chicks than adults (Tables 1 and 2 ; Figure 1 ). Moreover, residual body mass of chicks raised by yearlings showed no decline with the progress of the season (slope = 0.006 ± 0.239 SE, t = 0.027, P = 0.979, n = 105 chicks from 46 clutches) whereas for adults the decline was significant (slope = −0.248 ± 0.111 SE, t = −2.226, P = 0.027, n = 870 chicks from 256 clutches). The small number of yearlings' offspring found recruiting in the population (i.e., surviving to breeding; n = 3) precluded any trend analysis on recruitment probability within this age class. Our data suggest that early-breeding females were heavier than later breeders, as we found that female size-corrected mass in the 5 days before and after laying decreased significantly with laying date throughout the season (F 1,90 = 6.948, P < 0.01).
We investigated whether laying date and clutch size are consistent (inherited) traits in lesser kestrels, but found low to moderate repeatability in laying date in both male (R = 0. 
Seasonal trends in prey abundance and consumption
Mole cricket consumption showed interannual variation but, except in 2012, the peak in the number of consumed mole crickets occurred in early-mid April, consistently before the median laying date of lesser kestrels for each corresponding year Relationship between reproductive output (clutch size, productivity, and fledging success) and time of breeding (laying date) in lesser kestrels in the whole studied population (whole dataset) and comparing adults and yearlings (second-year calendar) using a subset of known-aged birds. Lines represent modelaveraged predictions (from Table 2 ) from models where "year" was set as a random factor. Laying date is standardized, expressing the deviation of each clutch from the population mean laying date in each year.
( Figure 3 ). After peaking, the occurrence of mole crickets in the diet of lesser kestrels showed a steep decline becoming negligible from mid-May onwards (Figure 3 ). Seasonal trends in grasshopper abundance and consumption by lesser kestrels showed a significant correlation (ANCOVA, F 1,15 = 41.92, P < 0.001; non-significant effect of year, F 2,15 = 0.99, P > 0.05). This prey is virtually absent before mid-May, increasing then abruptly at the time of the first hatched clutches and with the abundance peak matching the date of the maximum number of simultaneous lesser kestrel broods (Figure 3 ).
Fitness consequences of reproductive decisions
Based on AICc values and analysis of variance, we found that clutch size and laying date did not affect the survival of female (ANODEV tests: F = 0.54 and 3.26 for clutch size and laying date, respectively, P > 0.05) or male (ANODEV tests: F = 0.01 and 0.04 for clutch size and laying date, respectively, P > 0.05) lesser kestrels (Table 3) .
DISCUSSION
Seasonal declines in reproductive performance: support for "quality" hypothesis or the "timing" hypothesis?
We found a marked seasonal decline in the breeding success of lesser kestrels, with all studied reproductive parameters (clutch size, productivity, fledging success, and recruitment probability) decreasing throughout the season. Both individual quality and deterioration in environmental conditions seems to dictate this seasonal pattern. Indeed, the 2 mechanisms are not mutually exclusive and have been often found to affect different phases of the life cycle with differing intensity (Wardrop and Ydenberg 2003; Arnold et al. 2004; Grüebler and Naef-Daenzer 2008) . Agreeing with the long-standing idea that food availability during the chick-rearing period is an ultimate factor for laying date (Lack 1968) , lesser kestrel breeding time-window seems adjusted to match the chick-rearing period with the peak abundance of grasshoppers. Despite the relatively large span of the laying period, there is no evidence that later broods faced deteriorated feeding conditions, as grasshopper availability only steeply declined after the latest chicks have fledged. This conclusion is strongly supported by the detailed analysis of parent-quality effects on measures of breeding success, which revealed that the seasonal decline in fledging success (controlled for clutch size) was not apparent any more when the age of the parent (yearling vs. adult) was included as explanatory variable in the analysis. The higher number of yearlings breeding late in the season, rather than a steep decay in food availability during chick rearing, may thus explain the overall decline in fledging success (and productivity). The negative relationship found between residual body mass of fledglings and laying date, in combination with the previous findings pointing for no deterioration in resource availability during chick rearing, may therefore result from differences in parent-quality between early and late breeders. Indeed, this relationship was not verified among yearlings, that is, typically low quality individuals, which one would expect to find if it resulted from deterioration in food availability even though the narrower range of the yearlings' laying period could somehow mask the results. We also recorded a higher recruitment probability among early-hatching nestlings. As found in previous studies, higher survival probability of early broods may be primarily due both to increased fledglings' body condition and to an increased experience in foraging or social skills gained in a longer postfledging period, giving advantages in subsequent life-cycle stages such as migration or establishment (Nilsson 1990; Aparicio 1998) .
To date, several empirical studies have provided support for the individual optimization model of Drent and Daan (1980) , based on the evidence of a seasonal decline in the egg reproductive value (Aparicio 1998; Bêty et al. 2003; Descamps et al. 2011) . We found that clutch size was more important than laying date per se in determining the annual productivity among adult lesser kestrels, and the seasonal decline in egg-value seems to be mainly related to the higher recruitment probability of early chicks, that is, post-fledging survival instead of prefledging survival. On the other hand, our data suggest that environmental conditions likely played a relevant role in determining laying date and clutch size of lesser kestrels, mediated by the availability of mole crickets, which declined seasonally. Higher mole cricket consumption has been associated with larger clutch size and egg volume (in some years), earlier laying dates and increased body condition of females during courtship (Catry et al. 2012; Catry et al. 2016a) . The fact that the seasonal decline in clutch size was recorded not only among adults but also among yearlings, clearly indicates that individual quality cannot be acting alone, and provides further support to the hypothesis that food availability during the laying and mate-feeding period constrains egg-laying decisions (see also Dunn et al. 2011 ). Aparicio (2002 had shown that supplementary feeding of prelaying lesser kestrels advanced laying dates. However, individual quality seems to also significantly affect egg laying, as most yearlings were later breeders. In particular, couples with yearling males showed the most delayed breeding attempts, suggesting that the role of males during courtship, feeding the female with rich prey (Donázar et al. 1992; Catry et al. 2016a) , is critical to control time of breeding and clutch size and, consequently, future breeding success. Apart from their potentially higher hunting performance, higher quality males must be able to arrive earlier at their breeding grounds, which is a guarantee to occupy and defend suitable nests, and also of early-mating (Serrano et al. 2003) . Accordingly, yearlings are among the latest to arrive (Calabuig et al. 2011) . Male quality has been pointed out as a key driver of reproductive fitness in several raptor species (Newton and Marquiss 1984; Zabala and Zuberogoitia 2014) . We found, however, only moderate repeatability in laying date of both male and female lesser kestrels and no repeatability in clutch size. These findings suggest that individual quality is not a fixed or permanent trait but rather a dynamic trait that might show interannual variability such as for arrival date at the breeding grounds or body mass (McNamara 1998; Descamps et al. 2011) . A previous study has found low repeatabilities in hatching success of individual lesser kestrels (while controlling for mate identity), also suggesting an absence of intrinsic or genetic-derived quality characters (Serrano et al. 2005) . In migratory species, optimal reproductive decisions are often based on individual date of arrival and body condition and rate of condition gain at arrival on the breeding grounds (Rowe et al. 1994; Bêty et al. 2003; Descamps et al. 2011 ). Although we lack these data for our study population, we recorded a seasonal decline Temporal match between the breeding phenology of lesser kestrels and prey availability and consumption. Dark grey bars represent the number of clutches initiated in each day (multiplied by 10 for illustration purposes) and light grey bars represent the number of prefledging broods present in each day. Grasshopper abundance was quantified in transects from 2012 to 2015 (see methods) and consumption of grasshopper (2012) (2013) (2014) and mole crickets (2007) (2008) (2012) (2013) (2014) ; multiplied by 10 for illustration purposes) was determined through pellet analysis. Arrows show the median laying and brood dates. Date (x-axis) is presented as the number of days from the first of January.
in female body mass during laying, which supports a causal bond between body condition and clutch size and the adaptive character of laying decisions.
Fitness consequences of reproductive decisions
The trade-off between reproduction and individual survival is central to life-history theory (Dijkstra et al. 1990; Williams 2012) . Increasing parental effort to follow the selection pressure of early breeding may jeopardize current and future individual condition and individuals may reduce breeding effort in particular years to maximize their survival and, consequently, their lifetime fitness (Williams 2012) . On the other hand, and especially in migratory species like lesser kestrels, early breeding may also bring benefits such as the opportunity to initiate postbreeding moult earlier and benefit from a longer postbreeding period to build-up body condition before migration, which might enhance over-wintering survival (Low et al. 2015) . In our study, fitness benefits from early breeding were not offset by a low survival in adult female and male lesser kestrels. Although some studies have confirmed that individual quality can mitigate costs of reproduction (Lescroёl et al. 2009 ), our data suggest that individual optimization may be the mechanism involved in explaining the absence of such an effect. Indeed, the low or lacking repeatability in traits such as laying date and clutch size and the lack of age or experience effects on these same reproductive traits among adults, suggest that costs of reproduction should have be noticeable only if individual decisions were not optimal.
Conclusions
Our results suggest that the recorded seasonal decline in reproductive output of lesser kestrels is mostly driven by a seasonal decline in clutch size, which is likely an adaptive response to environmental conditions during the prelaying period rather than an adjustment to food availability during chick rearing. Female body condition, which is known to be largely determined by mate feeding behavior during courtship, declined with laying date, suggesting that parent quality, especially male quality, plays an important role in setting early breeding opportunities. Low individual repeatability in laying date and clutch size indicates that parent quality is characterized by phenotypic variation, potentially related to patterns in migratory behavior (e.g., arrival date, body condition at arrival) but further studies, for instance focused on individual lifetime breeding success, are needed to confirm this. Higher parent quality might further enhance chick-body condition at fledging and consequently increase recruitment probability, although this parameter is also likely related to laying date per se. In summary, our study suggests that both individual quality ("quality" hypothesis) and environmental conditions ("timing" hypothesis) explain the decline in reproductive fitness of lesser kestrels. We found that lesser kestrels adjust their reproductive decisions trading-off their own condition and the Table 3 Top-competing models used to evaluate the effect of clutch size and laying date on apparent annual survival (ϕ) and resighting (P) probabilities of female and male lesser kestrels. Covariates (clutch size and laying date) were only considered to have an effect on survival for the year following the capture when clutch size or laying date was known (superscript 1 represents the year following the capture and 2 the subsequent years) Subscript t refers to the year effect. Models are ranked according to the Akaike Information Criterion, corrected for small sample sizes (AICc). K is the number of parameters in each model, the ΔAICc indicates AICc differences between a particular model and the best-fitting model, Akaike weights (ωi) indicate the contribution of each model to the average of all candidate models and Dev is the total amount of deviance explained by each mode. The ANODEV test compares the amount of variance explained versus not explained by the covariate (P < 0.05 indicates that the deviance explained is significant).
relative (seasonally declining) offspring value, despite some evidence for environmental constraints on egg laying, which is in accordance with the individual optimization model (Drent and Daan 1980; Rowe et al. 1994) . Individual optimization may also explain the lack of relationship between adult survival and reproductive effort, not because there are no fitness costs but because early breeders are better able to cope with such costs (Verhulst and Nilsson 2008; Descamps et al. 2011) .
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